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(57) Claim

1. A process for inactivating viruses in blood and blood pro-
ducts., comprising: adding phenothiazine dyes to :he'solutions
or suspensions to be treated and subsequently irradiating said
phenothiazine-dye containing solutions Oor suspensions with vis-_
ible light in the range of the absorption peak of the respec- '
tive dye, whereafter the blood or blood.products may be pacssed
over adsorbing agents for removal of the dyes. characterized in
that thé phenothiazine Adyes are used at a concentracion of from
0.1 to 2 uM and irradiation'is effected directly in transparent

containers. such as blood bags. used for collecting and s:zoring
blood

6. Thz process as claimed in any one of the claims 1 to S,
chdracterized in that said process is carried out using two
containers suitable tor collecting blood, such as blood bags.
with ¢ separating column 1nterposed becWeen‘said containers,

and ccntalining the adsorbing agent for the phenochiazine dyes.
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(M) Thle: PROCESS FOR INACTIVATING VIRUSES IN BLOOD AND BLOOD PRODUCTS
(84) Beseichnung: VERFAHREN ZUR INAKTIVIERUNG VON VIREN IN BLUT UND BLUTPRODUKTEN
(!7)Ahlr§¢l ' v

The invention relates to » process for inactivating viruses in blood snd Blood prmducts in which phenothiszine dyes are
udded to the solutions.or suspensions, which are then irvediated with light. The une of o very small conceniration of phenothie-
zine dyes prevenis any udverse cffects on the plasma proteins. Inactivation is effected By the immediate irvadiation of the bloud
sachet. Afier irradistion the dyes can be sepafsted from the bluod sgain by passing the blood over adsorbing agents.

{87) Zusammenfassung

Die Erfindung betrilli ein Vesfahren aut Inakiivierung von Viren.in Blut und Blutprodukien, bei dem die zu behandeinden
Losungen bzw. Suspensionen mit PhenothiazinfarbatofTen versetit und anschlicBend mit Licht bestrahlt werden. Dyrch die Ver-
wendung ciner sehr geringen Konzeniration an Phenoihiazinfarbuoffen werden schdigende Einwirkungen suf die Plusmaprotei-
ne ausgeschlossen Die Inukuvicrung erfolgl durch unmiuetbare Restrahlung der Blutbeute!. Nuch der Bestrahlung lussen nich
dic Farbstoffe aus dem Blul wieder adtrennen. Hierzu wird das Blut 0bet Adsorprionsminel geleiter.

® Vieha Ditnliaita
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“PROZESS FOR INACTIVATING VIRUSES IN BLOOD
. AND BLOOD PRODUCTS - '

Specitication:

_The 1nvan;ion is ¢1;ecced to a process for inactivating viruses

in blood and blood producks. compr;sing adding phenothiazine
dyes to the solutions or suspensions to be treated and subse-
quently irradiating said phenothiazine dye-containinq solutions
or suspensions with visible light in the range o? the ébsorp-
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‘;on—paak—ot—che—rospective—dye—~whereatcer—the—blood—or—blood
products may be passod over adsorbinq agents tor removal ot the
dyes. ‘

It is known that phqtodynamiC‘subs:ances in combination with
visib;eﬁlith or Uv-light may have a virus inactivating effect.
This»is'due_to the affinity of these substances to external
virus structures or to viral nucleic acid. Both facts apply to

phenothiazine dyes. They‘reacc'with the membrane st:uctﬁres of .

enveloped viruses and damage the same irreversibly under the
action of light. whereby the virus loses its infectiousness
(cf. Snipes. W. et-al.. 1979, Photochem. and Photobiol. 29,
785-790). o

However, .photodynamic substances also interact with viral RNA"
or DNA. especially with the guanine residues cf these nucleic
acids. When a dye/nucleic acid-complex has been formed it is
szimulated by light energy so that denaturation of the nucleic
acid and finally strand breakages result. Also, phenéchiazine

‘dyes induce tha conversion of holecular oxygen to oxygen radi-

cals which are highly reactive and may have various virucidal
effects (cf. Hiatt, C.wW., 1972, in: Concepts in Radianién Cell

‘Biology. .pp.57-89. Academic Press.’ New York: Oh Uigin at al..

1587, Nucl. Acid. Ree. 15, 7411-7427).
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In contrast to other pho:odynamiccdyes for virus inactivation.
phenozhiazine dyes such as me:hylcne blue. neutral red and
‘toluidine blue are of special interes: because they can inacti-

- -vate-a. number of viruses. already in combination with visible . .. .

light and, under certain conditions. even viruses that do not
possesa a 1ipid envelope, such as adenovirus.

—— e el ——— e

In addition to that, methylene ‘blue (MB) and toluidine blue
(TB) for instance are themselwves being used therapeutically,
among other uses slso as antidotes to carbon-monoxide poisoning
- and in long-term therapy of bsychccic diseases. In this connec-

15

.20

oo

25

30

€%

cion—quanci&ies;ot_na—o:fma_much-h1qhan—:han—those-zequ&:ed

for virus inactivation are used (1 to 2 mg/kg body weight)
without any siqniticant side etfeccs The low coxicities of MB"

.and TB are. uLSO substantiated by data obtaxned from animal ex-
periments.

- However, since 1955 those of skill in the art have assumed that
B dye concentrations, especially in the case of coluidine:blue.
of less than 2.5 BM have only an insufficient virus inactivat-
ing effes: (cI. F. Heinmets et al. 1955, Joint Report with the
Naval Medical Research Instltute Walter Reed Army Institute
ot Research U.S.A.).

In the previogsly described investigations of virus inactiva-
tion with phenothiazine dyes the dye concentrations areibecween'
10 uM and 100 WM (Chang and Weinstein, 1975, Photodynamic Inac-
" tivation of Herpes-virus Hominis by Methylene Blue (38524).
Proceedings of the Society for Experimental Biolegy and Medi-
cine, 1¢8:291-293: Yen and Simon. 1978, Photosensitization of
Hevpes simplex Virus Type 1 with Neutral Red. J. gen. Virol..
41:273-061). But at these concentrations there arises the draw-
back that not only viruses may be inactivated but also plasma
proteins., such as the coagulation factors. This is one of the
reasons why phenothiazine dy s have so fzr not achieved any
~s.gnificance in the 1inactivatiaon ol viruses ia cicod and tlood
p:oduccs.
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It 15 the object of the subject invention to provide a process
zor 1nacczvat1ng viruses in which various kinds ot viruses are

rkilled.by the use of phen thiozine dyes without any functi_nal-
ly detrimental ottectsoon‘thewplasmo~proce1ns.?It-is a further -

object of the invention that said process be of simple design,
such that blood or blood products may be subjected to direct
treatment in commercially available blood bogs and the added

dyes may be removod atter processing 1f so desired.

The specified object is accomplished in accordance with the in-~’

vention in that the phenothiazine dyes are used at a concentra-

15

20

25

30

35

tion—ot_trom—oWL—to—z—uM—and—irrad&ae&on—is—ettected —directly

in transparent conca-ners. such as blood bags. of the kind used
for the co;lection and storage of blood.

The irradiation is portormed either with daylight o: sufficient
‘intensity or with monochromatic light, preferably from a cold

light scurce at a wavelength in the xonoe of the absorption
peak of the respective dye. Also, the following conditions
should be observed for virus inactivation in blood plasma or

‘plasma prote;n solutions: The operating temperature should be

in the range of from 0 to 137°C, 1if possible from 4 to 20°C.
The inactivating time rangés especlally from 5 minutes to 5
nours., preferably from 10 minutes to 3 hours, and pH should be
between pPH S and pH 9, preterably between pH 6 and pH 8.

An essential advantage of the process accofdiog to the 1nven-‘
tion lies in its simplicity. F. Heinmets et al. (as specified
above) describes & highly complex apparatus through which. for
insconCe.'blood plasma must be pacsed. Here, problems of main-
tenance and above all capacity arise. Surpr;sinquf it has now
been found that Subs:antially smaller quaniities of dye are

suflicient and that no complex technical apparatus. is required
tor photoinactivaction.

Unexpecledly, -it has also beer founc the: a non-enveloped vi-
rus, such as adenovirus. which could not be inactivated unde'
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1 a fr ezing/thawing st p and could thus be inactivated. In this
‘ conhection'xnaCtivation has b en ascertained irrespeczive of

the employed order of the freezing/thawing steps and the addi-

tion of :ﬁe“éyé;ufréeéiﬂddﬁife‘meins 8 deep-freezing operation

S  at temperatures of from spproximately -20°C to approximately
80K. Normally, deep-freezing is carried out at temperatures’

e — - - —below- =308C.— -~ -

Virus inactivation may be carried out directly in blood or
10  plasma bags although these are transparent only to a limited

extent—It-is-merely necessary to-add the dye. Then the_bag in- .

‘¢lusive of ;is contents is exposed to light, whereafter the re-
spective prodvst can be further processed.

15  Thus, the process can be clriied.qu: without any major techni-
cal effort and is excellently suited for integration in the
processing flow of individual blood donations. The small quan-
‘tity of the dye used ﬁay either remain in the treated fluid or
rnay be removed by adsorbing agents.
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1 Henca. the meth d can be carried ut without an techni-
 cal ftort and is excellently suited Tegration in the
_ processinq flow of 1ndiv" ' ood ‘donations. The amall quan- -
;:;ibziﬂfgg'gxo—usia may either remain in the trea:od fluid or
5 4,_ v removed by adsorbing agents. - . :

Suicable blood or blood producta 1nc1uda

- whole blood
red-cell-concentratea_

[
o

- platelet concentrates
- plaamé .
- gserum
- cryoprecipitacte
15 - concentrates of coaqulacion tactors
= inhibitors
- cold insoluble globulin
-~album1n

20 Phenozhiazines‘havinq the tdllowinq snruétural tormulé are
suitable for use in the method according to the invention:

25

o 30
X R R R
2 3 7
neutral red N A CH3 'vNHZ‘ N(CH3)2
35 toluidine blue S -CH3 NH2 , 'NlCHJ)z
. mechylene blu S H N(CHJ)2 N(CHJ)2
!;f\\ phanothiazine S ' " H H
/ l’ IJ\ :
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Exanple 1

Below, che dependence of photoinactivacion on methylene

blue | (MB) ‘is shown” tor'Q%QyYh human -plasma.- - - —--

ytomat 1S virus . <

. Varyinq concentrations of MB_were added to human plusma con-

taining approximately 5 x 10 Plaqﬁa“Forminq Units (PFU) per ml

15

20

25

30

35

of vsVi:CEﬁfrCI‘samptesfdtd—not—concain—any_dye+_mhe_samp1Q

volume was 0.5 ml. One control sample and a portion of the MB
containing samples were irradiated with visible light for 4 h
at room temperature; the others were stored in the dark for the
same length of tlime. The liqht aource used was a slide projec-
tor equipped with a halogen bulb of 150 W (0Osram Xenophot). The
distance betwean the slide projector lens, i.e. the light out-
let. .and the samples was )0 cm in these and all further tests
(with the exception of blood bdq virus inactiva:iqn).

Following completion of irradiation. the virus titer was deter-
mined in all samples by means of a plaque assay. Tho indicator

cells used were BHK cells.

ble 1.

The test results are listed in Ta-



- Saﬁblgs MB concentr..

: 1' Light VLrpg_inqcyiva-
T o (uM) - S e tion_ Factor.
B contr.1 O + 4.8
~ - ---5_. _contr.2._. 0 = - 1
1 '0.01 + 118 T T T
2 0.1 + 28.5
3 0.5 + ;106
4 1 + >1o:
10 5 - ‘ ;0 ¥ >106
| 6 50 + >10 .
. 7 - 100 + 310
8 1 - 1
| 9 10 - 5
15 10 50 - 11.8
1y 100 - 95
‘Taple 1: Inactivation of VSV in human plasma with and
without illumination. ' -
20 Exposure time: 4 h
The results of 1able'1 show that the infectious titer of VSV
was reduced by a factor of more than 6log d at a minimal MB
concentration of about 0.55 uM. Significantly higher concentra-
25 cions of the dye, from about S0 uM and up, resulted in a sig-
nificant reduction in the VSV titer even without exposure to
§ light.
T30 Example 2

centrations.

- The :olldwing test confirmed virus inactivation at low dye con-

In the presence of piasma and varying amounts of methylene blue
{n aliquots of S00 ul. VSV was irradiated overnight in a cold-.

'storage room with the slide projector from a distance of 30 cm.
samples A to F were i{lluminated, sample G wWas not.



- The results of this test are presented in Table 2. They show

that Lnder the above mencioned conditions the VSV used wasz'
inactivated by a factor of more thap,4}9g103ﬁ¢pis required
0.5 uM of methylene blue. ' '

It is probable that the VSV titer had already been reduced by 1
to 2 1logs by the overnight incubation at 4°C, which would ex-

plain ;he‘relatively low initial titer. Howover. this was not

-
o

simurtaneousiyitested—in—oor*expefiment._
R A comparison of A (exposed) and G (dark) shows that light alone
; evzdently does not influence the infectiousness of the virus to
- any great extent.
15 ' . ;
sample .final MB Titer/200 pl Inactivation
concentr. M factor
, . 4
A 0 2 X 10 4 .2
20 3 0.01 2.4 x 10 : _ 1.8
o 0.05 A 2 X 102 . 2.2
D 0.25 3 x :0 ' 147 A
. E 0.5 .« 24.4x10
25 F 1.0 <1 . >4:.:4x10°
- G 0 4.4 x 10 S
‘: Table 2: Virus inactivation at low dye concentrations
<30
.. Example 3
The photoinactivaction of viruses 1in uhe'presen:e of phenothia-
_ 2ine 'dyes depends on th exposure time. To find out what ex-
3s

posure times would be sufficient for photoinactivation of VsV,

106 Plaque Forming Units (PFU) per ml were suspended in plasma

and illuminaced as described for different times at 22°7. The
results are listed {n Table 3. It is evident that under the



~ B -
..1-. - specified.test conditions an exposur _ time of one hour was suf- _
-r«*ww.ficien;“to”:éduqe“thewintectious-VSV~titermbyta~iactor:o£-moreL“,”
" than 6log_ . | ' '
: glo
5 Samﬁlgw;;',txbosure'time - Inactivation
(min) " factor '
control [ 1
1 s 50
10 2 —30° — 16"6-2‘
' 3 60 ' 10
' Table 3: kinetics of the photoinactivation .
of VSV by MB | '
15 I
- Example 4
. A similar test was carried out in the presénce of 1 uM of .
20  another phenothiazine dye. TB insnead of MB. The results list-
ed in Table 4 show that effective lnactivacion o! st can also ,
be achieved by using TB. ‘
_v'fsample Exposure time .- Inactivation
25 (min) - v factor
. control _ 0 o e 1
*. 1 10 20 . 3
Y : 2 ' 60 ~ A >4 x 10
.. Table 4: Kinetics o! the photoinaccivacion of
) VSV by TB
The inacc1vating'ettecc of the phenothiazine dyes was also
__;15 shown for herpes simplex virus (HSV) and for type 1 human im-
ér' f/'\\ munodetziciency virus (HIV-1).
2 ‘ -
Wy
AR



1 . Examole 5 ,
Hsv is also 1nactivated in the presence ot mechylene blue i o
(1 uM). Table 5 shows che kinetics of photoinactivacion of HSV
5 by MB.
sample 5xposcré ,'..‘ ‘Inactivation’
time (min) . factor
—10 control— — 0 V,'>A S 1
+r 20 3
2 .. 60 . 1s00°
3 180 | »3 x 10°
— — - — .‘ A
15 Table 5: Xinetics of the photoinactivation of
'HSV .by MB
Examole~6 o
20 , -
1 A siﬂ-lat test was conducted wich the AIDS virus HIV 1. The vi- v i
rus ticer was 6 x 1U PFU/ml ‘MT4- cells were used as indicator
‘cells. Table 6 shows chat HIV-1 1is apoarenclv especxa‘ly sensi-
tive to photoinaccxvacxon the virus titer was already reduced
25 py a factor of more than 600 withia che farst 10 mlnutes
3 sample = Exposure : Inactivation
; time (min) _ factor
30 _
. control - 0 - . 1
: 1 C 10 . >600
2 60 © >600
| i 120 . 600
) 35 _ S
N Table 6: Kinetics of the photoinactivation of
/;&. . HIV-1 by i1B |
S e .
R
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Examole 7

ittt A, . e

There was no success in an attempt to 1nact1vace non-enveloped‘
viruses under the usual. physiologlcal conditions in the presf
ance of 80% plaema -AS an example of a non—enveloped virus,.

adenovirus was pre incubated “"for a prciong ed“ﬁériad_ot;tIMe—“

(4°Cc, dark) in the presence of methylene blue (MB) dye, 1 uM.
Then, 1rradiation was effected for 30 minutes with halogen

bulbs (150.000 ix) . There was no change in the infectiousness j

-
[5ad

[c]

-of-adenovirus

L9y

15

30

[PV
wn

sample’ = Pre- Incubation ‘Dye Virus
time . _ titer (logl0)

control ~ -~ 0'h _, - - 6.0

1 . 0nh MB 6.0 | /
1h . “MB 5.5 |
anh MB 6.

24 h MB - 6.0

o W N

Table 7: Influence of the pre-incnbation time on the
phocosensitizatibn of adenovirus. '

Tne vxrus titer was determined as TCIDS0 (calculacion method

'“rlssue Culture Infec~ious. Dos*s" by Spearman and ‘Kaerber). The

v;rus was titracted on FL cells (defined cell line suitable for

virus titration).

- e

When toluidine blue was used under the same experimental condi-

tions., there was also no reduction of the virus titer that
. -
could be detecTed.

To achieve inactivation of adenovirue. a freeze/thaw step. (F/T)
wich deep- freezing to -30°C was lncorporated in the test run.
Here._the order of F/T and the addltlon of the dye (1 pM MB)
was of secondary importance only. The samples were again ir-
radia:ed'using_halogen bulbs, as described above. 120,000 1x

were measured.




25 activities of 'coagulation factors was investigated in a further
test. ’ ' '

-Varying amounts of MB were added to human plasma (2-ml ali-

quots). The activities of the coagulation factors V, VIII and
30 IX were measured immediately thereafter. As is evident from Ta-
ble 9, said factors are -inhibited in all three cases in depen-
dence on the concentration of the dye, whereby the activities
of the factors VIII and V are inhibited from about 10 uM and
‘those of factor. IX already from 2.5 uM. Consequently, at higher
concentrations MB has a direct effect on the proteins, ‘without
need of the action ot light

1 _
Sample Preparation of Sampie‘ ‘ Titer (loglO)
5 =~ control 7.5 . .
Y . N F/i‘"“—“‘“_ TTT T T T T T e e "““—_7';0’“"“‘ e T T
B F/T + 60 min irradiation 7.5 g
c . F/T + Ma + 60 min pre-incubation +
60 min irradianion 2.5
10— D MB—+ F/T 775
"B MB + F/T + 10 min irradiation 5.0
. F MB + F/T + J0 min.irradiation 5.0
G MB + F/T + 60 min’ixradiation_ \ 4.0
15 Table 8: Photosensitization of adenovirus due to an
incorporaced F/T step. _
Virus titration was carried out as described in Table 7
" 20 . Example 8
The special_probiem when using high dye concentrations is in
the immediate effect of these substanees'on plasma protains.l
Theretore.ithe influence of different dye concentrations on the



1

=12 -

Me;hylené‘ ~ Factor.-V- . Factor VIII Fagtq:;Ix
-Blue-(pM/1)--- - E/ml. ;. . E/ml_ . S LE/my

0.80  0.38 2.0
. 0. 75’ 0.41 1.9

5 0.78° T e ey T T T T

: 0.74 0.38 . 1.45
10 0.54 0.35 1.20
20 0.44 - 0.28 . . 1.10

0
1
2
5

o .
ol

15

20

25

30

Table 9: Intluence of MB on the activities of
coagulation tactors

Example S

However, it is not only the dye concentration used but also the
exposure time which influences the activities of coagulation
factors. This time-dependence has been determined for varying
concencra:iona of methylene blue

Human plasma (aliqﬁots of 2 ml) rgceived varying dmounts of MB
and was then exposed to light'tor 1 tc' 4 hours (as described in
Example 1). Control samples were not subjected to photo-treat-
ment. As is evident from Table 10, the activities of the three
coagulation factors V, VIII and IX are inhibited in dependence
cn time and the concentration of the dye. Espacially in the'.
cases of factors VIII and IX higher MB concentrations and ex-
posure times from 2 hours upwards cause an apparent increase in
their thrombolytic activities. ‘
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" Exposure MB Concentra- Factor V;Factor,VIII, Factor IX

1
| time ‘tion wM/l E/ml - E/ml - - E/ml-
0 : - 0.86 0.33 1.20
e e ) 086 0.5 1.20
0n 2.5 0.82 0.23 - .0.46 .
10 0.72 0.30 0.44
v 0 _ 0.8 0.40 - 0.76
10 — ——0=72- 0--24 0.92—
th 2.5 . 0.68 0.24 0.82
» [ I 0.47 0.16 0.68
0 ' - 0.82 0.44 0.10
15 | - 0,84 0.23 0.90.
2 h 2.5 0.63 0.22 0.72
' 10 060 . 0.5 0.74
0 0.76 . 0.38 0.98_
20 1 ‘ 0.55 0.16 . 0.9¢
| 4 h 2.5 - 0.49 - 0.29 0.82
R | 10 - 0.42 0.27 0.64
25 Table 10: Inflﬁence of light and MB on the activities of =
coagulation factors: dependence on time and Ma-éoncentration
‘.: Example 10
Go30 .
' : In accordahce with a preferred embodiment of the subject inVén-
E tion the photoinactivation of virusas may be effected directly
i' ~in the plzsma bag. The dye at the required concentration is
- merely added to the blood or the blood products and then the
35 bag is exposed to light. In this simpl waylit is possible at
;:7\\\ any time to trsat blood products from individual donors. ‘
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Ih A tészﬁtﬁgég sgmpleg gf tresh human plasma were thawed Each

sample was then inoculated with 1.5 x 106 PFU VsV within the

respective plasma bags. MB at concentrations of 1 and 10 uM,

respectively, was added to two samples. A sample was taken from

“the MB=free plasma'and—atored in-the-dark-at-4¢C as-a positivem_AM_n__wm_f
control. Then, the three bags were mounted between two Plexi-

glas plates to ensure a highly uniform layer thickness of ap-

prox. 2.5 cm. In turn said samples were irradiated by means of

a_slide projector trom* —distance of— apnroxAvso cm<~A£ter 4

10

15

20

25

30

hours, samples were taken to determine the virus titer and the
same was measured by plaque assay on FL-cells. The results
=1{gted- 1n Tableq ' show that 1 UM MB is already gsufficient to
reduce the infectious titer of VSV by a factor of more than
Blog1 by means of a four-hour exposure in the plasma bag. Even
in the -absence of the dye the exposure resulted in a reduction
of the virus titer, although only by about S0%.

Sample Equsute MB Concehtra- weidht of VSV Titer
time (h) tion (uM) ~ Bag (@) " (PFU/mY)

“control 0 -0 323 5x103
1 4 0 | 323 2.5x10
2 S 1 S 289 0

4

3 10 - 257 0

Table 11: Photoinactivation of VSV in plasma bag'

The phenothiazine dyes used for virus inactivation may remain
in the blood or the blood products, particularly at cthe concen=-
-rations used here, without side effects occurrir: However,

. they may be removed later by means of dialysis., gel filtration

or adsorption.

Of the specified methods the adsorptive ones are of main inter-
est because they require the least effort as to time and tech-

nical apparatus, and the respective plasma protein solutions
are not diluted. ‘ '
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However. some acsorblnq agents are obviously unsultable, such as the fon ex-

changers mentioned by Hiatt (Concepts In Radlation Ce'l Blology. pp. 57-89,

Azademlc Press, New York, 1972) because in- sddition to the dye they also _
strongly bind plasma proteins, such as codgulation factors.

o ] Surprisingly. it has now been found that MB ang other phenothlnzine dyes blnd
very ) strongly to a various conmercially —avallable separation gels— lncluding e
those which elther do not or only weakly bind proteins. Such adsorbing agents
are therefore especially suitable for the later removal of the photo-oxidant.
Of the adsorbing agents tested, the following ones may be used for the remoyal

1-0—¢f—M3—-anc-osher—phenothiazine—dyes. :
Adsorbing Agent Material ‘Manufacturer ar Supplier
Daltosil 75 ~ Modifiea Silica Gel Serva, Heldelberg (FRG)
s{ 100-Polycl RP 18  Derivatized Silica Gel ~  Serva, Heidelberg (FRG)
' containing'c‘a-groups‘
15 Kieselgel 40 Stlica Gel | /- Merck,. Darmstadt (FRG)
Nucleosi] SO A Silica Gel _ Macheray & Nagel,
. pore size ' , Duren (FRG)
' Nuclebsll 100 A - Silical Gel : A ' Machbrey»& Nagel,
~ pore size Diren (FRG)
<0 vydac SC-201 RP . Glass beads coated with Macheraey & Nagel,
, ' ~ Silica Gel bearing C,e_ Diren (FRG)
groups
. CPG 40 Controlled pore gless‘ ' Piercé Europe (FRG)
*,25 (poraus glass beads) ' ‘
K Bio beads. Amberlite  Polystyrene OVB (Di- Bio Rad. Minchen (FRG)
; adsorbent resins vinylbenzene), ROhm & Haas, Frankfur:
L Polyacrylester (FRG)
| ‘ In most ceses 2 g.of the respez:ive adsorbing agent, used as 3 batch, were
‘ 30 sufficient at a feed concentrazion of 10 uM to completely extra:t the dye
‘ from & plasma prciein solution.
: %?' i
< (X
\\{fiv l"
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- TwWo types ot adsozblnq ag nts- proved to be parcicularly

suicable

) 5111ca gels having pores ot so small a size (40 to approx.

100 -A diameter)_that_plasma proteins cannot penetrate t the gel

matrix while the low molecular weight dye moleculea can do ao‘

and are thus bonded thereto due to ionic, electrostatic and hy-

drophobic interaction.

15
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30

Exanples of cormercially available adsorbing—agents—of-this

type are Matrex Silica Gel (Amicon, Witten), Daltosil (Serva,
Heidelberg ) and Kiesel-Gel (Merck, Darmstadt).

2. Gels of the type based on polyscyrene'divinyl benzene and
acrylic ester polymer. respectively. They. too are marufac=

tured with auitablo pore sizes.

txamples of commercially available gels of these types are Am-.
perlite (ROhm & Haas, Frankfurt, among others) and Bio Beads

(Bio Rad, Mdnchen). They are mainly used to remove non-polar
substances or surface-active agents such as detergents from
aqueocus solutions They are either non-polar or only slightly -
polar '

Example 11

Methylene blue(10 uM) was added to fresh plasma. 5-ml aliquots
received varying amounts of Daltosil (pore size 75 A) and Bio
Beads SM16 (pore size 144 A), respectively, and wure then
stirred for 10 minutes. Then the gal was left to settla. In the
plasma the factor VIII and factor V contents, extinction at

660 nm and. for some samples, the protein contents w re mea-
sured.
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1 E (660 rm)" Protein Factor VIOII  Factor X}
o S Amg/ml) o o(u/my) o (u/ml)
Fresh plasma . 0.909 668 1o 0 120
Fresh plasma + M8 1.450 - 65.6 0.42 095
>  paltosil  sOmg . 0.576 - 0.60 1 1.05
E R T - B 57 2 U S 99 ' R % (i
250 mg C.491 - 110 120
500 mg. 0.477 66.8 1.25 1.20
10 _Bio Beads R :
"SM 16 s0—mg 0666 — . 082 1.05—
- 100 mg 0.571 - 1.05 1.10
- 2¢0 mg 0.57L = 1.05 1.10
$00 mg 0.530 72.5 0.80 1.5
15 |
Table 12: Extréétion of methylene blue 1t the buy
It is evident from the extinction values that apparentiy fur-
20 ther substances in additioh to the dye are extracted from the
plasma, But these substances are not plasma proteins. The ex-
tinction values of the plasma which had been treated with 100
to 250 mg of adsorbing agent per 5 ml, i.e. with 2 to 5 weight
percent (% w/v). hardly differ from those which had been ex-
25 tracted with 108 w/v adsbrbing agent. Hence, at an M3 concen-
: tration of 10 pM 2 to 5% w/v of adsorbing agant are sufficient
! in both cases for removing the dye from the plasma in a batch-
. wise operation. If the feed concentration ‘6f the dye is lower,
f the amount of adsorbing agent required is correspondingly
H 30 ,

lower.

Example 12

In a further teat a 5% human serum albumin solution (5% HSA)
was used instead of blood plasma. Again, the MB concentration
was 10 uM. Aliquots of 5 ml were extracted batchwise with

100 mg, respectiveiy, i.e. 2% w/v. of the following adsorbing
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1 agents torfyarying periods of time: Daltesil (por siz 175 A
’ " Kiesel-Gel (pore size 40 A) and Bio Beads SM16 (pore size
144 A). - e AR T . . B o — P . oae -
5 As Figure 1 shows, the extinction at 660 nm decreases to a con-

---—-— - —stant- value in-all-three-cases within a_period_of 20 to 30 min- _

utes; i.,e. this time period is sufficient to remove the photo-
oxidant in batches from a plasma protein solution. Asg is fur-
ther evident from Figure 1, Bio Beads SM16 and Kiesel-Gel 40

10~ nppéar—to~be—semewhat—better—adsorbing_agentsfin_thb_subiggg

case than Dalto sil with a pore size of 75 A

- 15
20 »
20 20 40 50 80
t {min)
25 —— SMi6 ~— Dallosil 75— Kieseigel €0~ MEA
Fig. 1: Adsorbtion kinetics of methylene blue (10 uM) at RT
with HSA 5% 100 mg gel/5 ml HSA
30 '
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- Removal of MB from plasma protein solutions by column chroma-
tography

The aim of this test was to find out whether or not the adsorp—
tive removal of the photo-oxidant can also be effected by chro-
matography. This was based on the idea of carrying out the vi-

rus_inactivaction_by means_of a dye in combination with light in
a container, such as a blood bag, and in turn transfering the
plasma protein solution to another container, such as a second
blood bag. via a'small‘séparatinq column interposed between
saiﬁvconcalners. and containing the adsorbing agent. If the
assembly, comprising the first bag, the adsorbing column and
the second bag were prefabricated so that a closed syatem were
available, it would be pdssibie in a very simple way and at the
minimum risk cf contamination to produce virus-inactivated
plasma protein preparations, including from single donor units.

To this end 250 ml o£‘5% albumin solution were passed at véry-
ing flow rates through a separating column containing $ ml of
Kiesel-Gel (pore size 40 A). Fractions of 10 ml each were col-
lected and their extinction was measured at 660 nm.

As can be seen from Table 13, the overall volume of the albumin
solution could be passed through the column at flow rates of 5
and 7.5 ml/min, respectively, and no MB residues could be de-
tected in the fractions coming off the column. Hence, the time

required for removal of the dye from 250 ml of solution is only
30 to 35 minutes at most. ’

The' test result shows that the removal of the photo-oxidant
by chromacogréphy may be effected without any problems, and al-
so proves that the akovec-mentioned production of virus-inacti-

T~ vated plasma protein preparations from s;ngle donor units is

) \\ indeed possible.

-
l
.
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' starting material s M8, Flou Rate (ml/min)
' o .8 15
extinction . (660 ra): 0.067 extinction (660 =)

) fraction No. 1 0.002 . 0,001

" ctior

e e - S e e e o _]_ — e em e ____o.'mo.o.o._ e .°.- 001_ e et o ek e e e e —
5 0,000 0.002
7 ‘ - 0,002 0.003
9 0,001 0.001
n h 0.900 ~0.001
B L 13 - 0..000 . 0.001
10— ) - ;
i 1¢ ‘ 0,002 . 0.001

Tabla 13: Chrbmatodraphic separation of MB from a St.albumin'
_ solution (1 uM MB concentration) '
15 ‘ . o
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PROCESS FOR INACTIVATING VIRUSES IN BLOOD
AND BLOOD PRODUCTS

‘10

Claims:

1. A process for inactivating viruses in'blood and blood pro-

1§

20
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30

ductsv—compr&singf?add&ng—phene%h&az&ne—dyes—eo—ehe—solucions

or suspensions to be treated and subsequently ir:adiatihg said
phenothiazine-dye containing solutions or suSpensipns with vis-
ible light :in the range of the absorption peak of the respec-

't;ve dye, whereafter the blood or blood products may be pacsed

over adsorbing agents for removal.bf the dyes, charactérized in
that che.phenochiaainefdyes are used at a concentration of from .
0.1 to 2 uM and irradiation is effected directly in transparent

containers. such as blood bags, used for collecting and storing
blood. '

2. The process as claimed in glaim 1, characterizéd in that

toluidine blue or methylene blue is usc¢d as the phenothiazine
dye. ' - |

3. The process as claimed in any one of the claims 1 or 2,

characterized in that the solutions or suspensizas to be
treated are initially subjected to deep-freezing and are then
thawed prior to irracdiation.

4. The prccess as claimed in claim J, characterized in that the
dye 1s added prior to the deep-freezing step.

S. The process as ciaimgd in claim 3, characcterized in tha:z the
dye is acded after thawing anc prior to irradiacion.
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1 6. Thz proc ss as claimed in any one of the claims 1 to S,
characterized in that said process is carried out using two
’containers suxtable tor collecting blood, such as_blood bags.ﬁf»
a - with a separating column interposed betwcen said containers,
5 and containing the adsorbing agent for the phenothiazine dyes.

—— e 7.-The-process—as-claimed-in-claim 6; -characterized—in-that—the— - -~ —
‘ adsorbing agents used are silica gels or such agents based on

polystyrene divinylbenzene or acrylic ester pclymers.
10 ‘ '
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